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[57] ABSTRACT

An improved method of determining the nature of a
substance by fluoroscence spectroscopy wherein a fluo-
rescent marker is coupled to the molecules of the sub-
stance comprises the use of a marker having a longer
period of fluorescence than those of possible sources of
noise and by employing an exciting radiation pulse of
short duration so that the fluorescence of the marker is

- detected after the objectionable sources of fluorescence

have ceased; the marker including a fluorescent lantha-
nide chelate complex.

18 Claims, No Drawings
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FLUORESCENCE SPECTROSCOPY ASSAY
MEANS WITH FLUORESCENT CHELATE OF A
LANTHANIDE

- The present invention refers to a method for deter-

- mining of a substance by means of fluorescence spec-
troscopy in which a fluorescent marker is coupled to
the molecules of the substance, the fluorescence of the
marker having a duration which substantially exceeds
the duration of the fluorescence of possible noise
sources and in which the substance is excited by means
of a short pulse of radiation and the fluorescence
thereby generated is detected when the fluorescence

from the sources of noise has in principle ceased.

- 'In fluorescence spectroscopy the substance to be
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determined which is present in a liquid or a solid phase .

- 1s subject to a radiation with a known spectral distribu-
tion, for instance light with a limited band width. The
fluorescent radiation thereby emitted has 'a longer
wavelength than the exciting radiation and is specific
for the substance to be determined. The intensity of the

fluorescent radiation is measured and constitutes a mea- -

sure of the quantity of the substance to be determined.

A dlsadvantage of the. spectroﬂuorlmeters presently
used is that their sensitivity is limited due to noise in the
exciting and detecting systems and furthermore disturb-
ing fluorescence is generated from other substances
such as substrate material, sample holders, air particles,
other ﬂuorescent substances in the sample, in reagents
etc. | -

A specific problem in -'ﬂuorescent determinations
within immunology is that serum has a relatively strong

fluorescence which gives rise to high background levels

for most fluorescent markers. This fluorescence in
serum derives mainly from different proteins which
however have relatively short excitation and emission
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~wavelength (excitation maximum at 280 nm, emission .

maximum at 330-340 nm) and this fluorescence is not a

more substantial source of noise. However, in serum
also other types of fluorescence is obtained, this fluores-
cence presumably deriving from other compounds than

proteins and appearing at longer wavelengths (excita-

tion at 340 nm, emission at 460-470 nm) and therefore
gives rise to more complicated disturbing phenomena.
In addition to the fluorescence of serum the background
1s affected by a heavy scattering. The scattering gives
rise to an interference, especially when markers with a
small Stoke’s shift (less than 50 nm) are used. Because of
a high background fluorescence and this scattering the
sensitivity of markers in a sample containing serum is
reduced by 50-100 times as compared to the use of the
same markers in a pure buffer.
- The demands put on a marker used in immunological
systems are that it should have the highest possible
fluorescence, a relatively long emission wavelength
(more than 500 nm), a high Stoke’s shift and a possibility
~ to be bound covalently to the antibody or the antigen
without negatively affecting the conjugation properties.
The organic markers used in biological systems, for
instance fluoresceinisothiocyanate (FITC), rhodami-
nes(RBITC, TRITC, RB-200-SC), dansil chloride

435

50

35

60

(DNS-C1), fluorescamine (FL) etc. give a rather strong

fluorescence. They are bound covalently to the an-
‘tibody/antigen and are relatively stable. Nevertheless,

their use is limited by the background fluorescence.

- Many of them have a fluorescence in the same wave-
length range as serum and many of them are heavily
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affected by the scattering. The sensitivity when using

these markers can be increased by a development of the

method, for instance by using a solid state system or by
development of the instrumentation used. In fluorescent
determinations for instance within immunology the

‘substance to be determined is provided with a fluores-

cent marker which has a relatively long fluorescent
time as compared to the fluorescence of surrounding
substances. Furthermore, the material to be determined
is separated from other substances by means of tech-
niques known per se, such as chromatography or anti-
body binding. An instrument system suitable for this
purpose 1s shown in the U.S. Pat. No. 4,058,732
(Wieder) which describes a device where the sample is
excited by a laser pulse and where the marker is a sub-
stance with a fluorescence having a duration considera-
bly exceeding the duration of the fluorescence of the
noise sources. When the laser pulse has excited the
sample the detection takes place only when a suffi-
ciently long time has passed for the fluorescence from
the noise sources to have decayed. It turns out that the
markers described in this patent are not suitable for
commercial use. Thus, they are for instance very sensi-
tive for dilution.

It is an object of the present invention to provide a
method which by using the above instrumentations
forms a well functioning system by choosing markers
adapted to the system. The characteristics of the inven-
tion appears from the claims attached to the specifica-
tion.

The fluorescence properties of certain lanthanide
chelates, especially chelates of europium and terbium,
are well suited fluorescent markers. The absorbance of
these chelates is very strong, (more than 104) and de-
pendent upon the ligands. Although the quantum yield
is often smaller than that for organic markers these

chelates have other advantages, thus the emission ap-
-pears at relatively long wavelengths (terbium 544 nm,

europium 613 nm) in which wavelength range the
serum fluorescence is low and furthermore the excita-
tion maximum is within the short UV-range (Terbium-
chelates 270-320 nm, Eu-chelates 320-360 nm) indepen-
dent of the ligands which makes it possible to excite
them with lamps or lasers commercially available and
furthermore the Stoke’s shift is very long (240-270 nm)
and the emission band is sharply limited which enables
a small band width. The most essential property is how-
ever that the fluorescence time is long, about 50-1000
microseconds which makes it possible to use the above
mentioned instrumentation. As the fluorescence is mea-
sured with a certain delay during which the background
fluorescence has decayed, the effect of an unspecific
background radiation can be eliminated.

The chelates of europium and to a certain extent
terbium together with different B-diketones are the
most used chelates due to their ability to laser in differ-
ent solutions and at different temperatures. The most
widely used B-diketones are benzoylacetone (BA),
dibenzoylmetane (DBM), thenoyltrifluoroacetone
(TTA), benzoyltrifluoroacetone (BTA), 1- and 2-
naphihoyltrifluoroacetone (1-/2-NTA), acetylaceton
(AcA), trifluoroacetylacetone (TFAcA), and hexa-
fluoroacetylacetone (HFAcA). In addition to B-dike-
tones the lasering properties of different salicylate che-
lates have previously been investigated and different
methods for fluorometric determination of lanthanide
ions (Eu, Tb, Sm, Dy) has been developed using these
compounds and other ligands, such as terbium with
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dipicolinic acid (DPA) and with EDTA and sulphosali-
cyl acid (SSA). Under favourable conditions the quant

yield of these chelates can be very high and come close -

to 100 percent. - - |
The strong fluorescence of the lanthanide chelates is

due to the absorption by the ligands of the excitation
radiation and of the energy transfer from the triplet

state of the ligand which gives rise to a narrow band

radiation with a long wavelength characteristic for
metals.

Before a chelate of the above mentioned type could
be used as a fluorescent marker it has to be attached to
the antibody/antigen to be investigated. Furthermore,
the metal has to give a fluorescent radiation also after
the binding and in a water solution. To be stable
enough, also in very diluted form (even below 10°M)
and under conditions where other chelate forming rea-
gents are present as well as an excess-of other metal
i0ns, the binding system must be very strong. The stabil-
ity constant of the chelate must be well above 1010 and
additionally the binding ligand has to leave coordina-
‘tion positions free for another bidentate ligand. When
the metal i1s bound with S-diketone analogues the stabil-
ity 1s not sufficient in diluted systems. The stability
constants for B-diketonates, for instance acetylacetone
with europium, Kj, K3 and K3 and 10587, 10448 and
103.23, respectively, which is not high enough. In micro
molar concentrations such tris- or tetrakischelates are
dissolved and do not give any fluorescent radiation.

An example of chelate forming reagents having a
sufficient stability for this purpose are aminopolycar-

boxyl acids, especially EDTA, HEDTA, and other § -

6 dentate complex formers. They furthermore permit
one B-diketone to be bound to the metal ion although

with a decreased stability. The aminopolycarboxylic
acids used as a secondary ligand in many fluorometric
determination systems to determine trace amounts of
lanthanides 1n water solutions. |

In a fluorescence immuno determination system an
analogue of the above mentioned complex formers
could be used 1f it 1s provided with a suitable functional
group by means of which it can be bound to the antigen-
/antibody. An example of such a bi-functional ligand is
1-(p-diazonium phenyl)-ethylenediaminetetraacetic
acid. It has previously been used for marking of protein
with radio active metals and has also been used for
binding fluorescent metals such as terbium and euro-
pium to proteins in order to study protein structures.

In fluoro immunoassay systems the europium or ter-
bium 1on could be bound to the antibody/antigen or a
haptenic molecule via an aminopolycarboxylic acid
analogue (EDTA-analogue, HEDTA-analogue, etc.).
After the binding the 1:1:1 chelate could be formed with
a f3-diketone and kept stable at an equilibrium by supply
of sufficent excess of the B-diketone. The required ex-
cess can be calculated from the stability constants or
could be experimentally titrated with the 8-diketone by
means of studies of the increasing fluorescence. The
affinity for a second 3-diketone to the metal is not suffi-
cient to dominate the aminocarboxylate even in an ex-
cess of several powers of ten. Therefore the 8-diketone
could be used in a great excess. Too high concentrations
only imply a limitation of the optical absorbance. The
B-diketone will namely give rise to a high absorption
and therefore attenuates the excitation. |

A fluoro immunoanalysis system according to the
invention will thus consist of a haptene, an antigen or an
antibody with an europium or a terbium marker,
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4
whereby the metal is bound via an aminopolycarboxylic
acid analogue (EDTA-analogue or HEDTA-analogue).
The other ligand can be a B-diketone (TTA, BTA,
HFACcA, AcA, 1/2-NTA) or a dihydroxy compound
(for instance sulphosalicylic acid, TIRON (a registered
trademark for the disodium salt of 3,5 pyrocatecholdi-
sulfonic acid), 2,3-dihydroxynaphthalene, 2,3-dihydrox-
ynaphthalene sulfonyl acid derivative etc.). The system
can also contain a solid phase or some other separation
system or the fluorescense could be attenuated or devel-
oped in an immuno reaction. In a system where the

- sensitivity of a fluorometer is not sufficient, the sensitiv-

ity can be increased by means of a time resolving instru-
ment. o

We claim:

1. In a method for the determination of a substance by
means of fluorescence spectroscopy in which a fluores-
cence marker is coupled to the molecules of the sub-
stance, the fluorescence of the marker having a duration
which substantially exceeds the duration of the fluores-
cence of possible noise sources and in which the sub-

- stance 1s excited by means of a short pulse of radiation
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and the fluorescence thereby generated is detected
when the fluorescence from the sources of noise has in
principle ceased, the improvement comprising using as
said fluorescent marker a 1:1:1 fluorescent chelate of
europium or terbium, B-diketone or a dihydroxy com-
pound, and an aminopolycarboxylic acid analogue, said
chelate having a stability constant above 1010 wherein
(a) the europium or terbium is the fluorescence emis-
sion source and is chelated to the aminopolycar-

boxylic acid analogue,
(b) the aminopolycarboxylic acid analogue has a

functional group for covalent binding to said sub-
stance, and

(c) said B-diketone or said dihydroxy compound ex-
cites fluorescence of said fluorescence emission
source. |

2. Method according to claim 1 wherein the fluores-

- cence emission source is europium.

3. Method according to claim 1 wherein the fluores-
cence emission source is terbium.

4. Method according to claim 1, wherein the amino-
carboxylic acid analogue is an EDTA-analogue.

5. Method according to claim 1, wherein the amino-
carboxylic acid analogue 1s a HEDTA-analogue.

6. Method according to claim 1, wherein said sub-
stance comprises hapten.

7. Method according to claim 1, wherein said sub-
stance comprises an antibody.

8. Method according to claim 1, wherein said sub-
stance comprises an antigen. |

9. Method according to claim 1 wherein said 8-dike-
tone is selected from the group consisting of benzoy-
lacetone, dibenzoylmethane, thenoyltrifluoroacetone,

~ benzoyltrifluoroacetone, 1- and 2- naphthoyltrifluoro-
' racetone, acetylacetone, trifluoroacetylacetone, and
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hexafluoroacetylacetone, said dihydroxy compound is
selected from the group consisting of sulphosalicylic
acid, the disodium salt of 3,5-pyrocatecholdisulfonic
acid, 2,3-dihydroxynaphthalene, and 2,3-dihydrox-
ynaphthalene sulfonyl acid derivatives, and said ana-
logue is selected from the group consisting of EDTA
analogues and HEDTA analogues which contain a
functional group for binding to an antibody, an antigen,
or a hapten.
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10. Method according to claim 1 or 9 wherein said
analogue is 1- (p-dlazonlumphenyl)ethylenedlamlnetet-
raacetic acid.

11. Method according to claim 1 or 9 wherein said
chelate 1s a 1:1:1 chelate of said fluorescence emission
source, said B-diketone, and said analogue.

12. Method according to claim 11 wherein said 3-
diketone is selected from the group consisting of the-
noyltrifluoroacetone, benzoyltrifluoroacetone, hexa-
fluoroacetylacetone, acetylacetone, and 1- and 2-naph-
thoyltrifluoroacetone.

- 13. Method accordmg to claim 1 or 9 wherein said
-ﬂuorescence emission source is bound to an antibody,
an antigen or a hapten molecule via the functional
group of said analogue and then said 8-ketone or said

dihydroxy compound is added to form the 1:1:1 chelate.

14. Method accordmg to claim 13 wherem a B-dike-
tone 1s added in an excess amount.

15. Method according to claim 1 whereln the fluores-
cence 1s measured on a solid. -

16. Method accordlng to claim 1 wherein the fluores-
cence is measured in a solution. |

17. In a method for the fluoroimmunoassay of a sub-
- stance by means of fluorescence spectroscopy in which
a fluorescent marker is coupled to the molecules of the
substance, the fluorescence of the marker having a du-
ration which substantially exceeds the duration of the

fluorescence of possible noise sources and in which the

substance 1s excited by means of a short pulse of radia-
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tion and the fluorescence thereby generated is detected
when the fluorescence from the sources of noise has in
principle ceased, the improvement comprising using as
said fluorescent marker a 1:1:1 fluorescent chelate of
europium or terbium, a 3-diketone or a dihydroxy com-
pound, and an aminopolycarboxylic acid analogue, said
chelate having a stability constant above 1010 wherein

(a) the europium or terbium is the fluorescence emis-
sion source and is chelated to the aminopolycar-
boxylic acid analogue,

(b) the aminopolycarboxylic acid has a functional
group for covalent binding to said substance,

(c) said B-diketone is selected from the group consist-
ing of benzoylacetone, dibenzoylmethane, thenoyl-
trifluoroacetone, benzoyltrifluoroacetone, 1- and
2-naphthoyltrifluoroacetone, acetylacetone, tri-
fluoroacetylacetone, and hexafluoroacetylacetone,

(d) said dihydroxy compound is selected from the
group consisting of sulphosalicylic acid, the diso-
dium salt of 3,5-pyrocatecholdisulfonic acid, 2,3-
dihydroxynaphthalene, and 2,3- dlhydroxynaphtha-
“lene sulfonyl acid derivatives, and

(e) the fluorescent 1:1:1 structure bound to the sub-
stance 1s formed in the presence of said 8-diketone
or said dihydroxy compound.

18. Method according to claim 17 wherein said ana-

- logue is 1-(p-diazoniumphenyl)ethylenediaminetetraa-
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_cetic acid.
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Notice of Adverse Decision in Interference

In Interference No. 101,990, involving Patent No. 4,374,120, E. Soini and 1. Hemmila, FLOURES-
CENCE SPECTROSCOPY ASSAY MEANS WITH FLOURESCENT CHELATE OF A LANTHA-

NIDE, final judgment adverse to the patentees was rendered Apnl 21, 1989, as to claims [-18.
[Official Gazette September [9, [989.]
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